Pre-existing zones of weakness significantly influenced the structural development of the Fundy basin during rifting and subsequent basin inversion. The pre-existing fabric, consisting of NE-striking faults with gentle dips and E-striking faults with steeply dipping upper segments and gently dipping lower segments, formed during Paleozoic and older orogenic activity. During Mesozoic rifting, the pre-existing fabric was reactivated, creating a border-fault system composed of linked NE-and E-striking extensional fault zones with anomalous dips (gentle and steep) compared to those of newly formed normal faults. During inversion, the preexisting fabric was again reactivated as the hanging wall of the composite border-fault system moved NNE relative to the footwall. Inversion was highly oblique on the NEstriking fault zones, producing gentle fault-parallel buttress folds and fault-perpendicular detachment folds above the low-angle fault zones. Inversion was moderately oblique on the E-striking fault zone, producing relatively tight faultparallel buttress and detachment folds above the gently dipping lower fault segments and reactivating the steeply dipping upper fault segments as left-lateral strike-slip faults. Thus, inversion-related deformation on the E-striking fault zone was partitioned at shallow levels (i.e., partitioned updip). Our work shows that the geometry of pre-existing extensional faults and their obliquity relative to the shortening direction profoundly affect deformation style during basin inversion. Namely, the type of inversion-related faults, the type and shape of inversion-related folds, and the distribution of deformation (e.g., up-dip partitioning) depend, in part, on the geometry of the pre-existing extensional faults and the variations in these geometries with depth and along strike.
Introduction
Basin inversion involves a reversal in deformation, specifically a rifting phase followed by a shortening phase [e.g., Cooper and Williams, 1989; Coward, 1994 Coward, , 1996 Buchanan and Buchanan, 1995; Turner and Williams, 2004] . A variety of structures are associated with basin inversion including normal faults reactivated as reverse, oblique-slip, or strikeslip faults and newly formed reverse faults and folds [e.g., Cooper and Williams, 1989; Buchanan and McClay, 1991; Letouzey, 1990; Mitra and Islam, 1994; Buchanan and Buchanan, 1995; Eisenstadt and Withjack, 1995; Brun and Nalpas, 1996; Glen et al., 2005] . Because inversion structures are hybrid structures associated with episodes of both extension and shortening, the types of structures in an inverted rift basin depend on: 1) the geometry of the riftrelated structures, and 2) the direction of shortening (relative to the strike of the rift-related fabric) during inversion. The direction of shortening during inversion can vary considerably, ranging from orthogonal to highly oblique to the riftrelated fabric [e.g., Lowell, 1995; Brun and Nalpas, 1996; Turner and Williams, 2004] . The geometry of rift-related structures can also vary considerably [e.g., Harding, 1984; Schlische, 1995; Withjack et al., 2002] . For example, in some rift basins, most normal faults have moderate to steep dips (~60°) and strike perpendicular to the extension direction. In other rift basins, however, many extensional faults are reactivated pre-existing structures with anomalously gentle or steep dips and strikes that are oblique to the extension direction.
Experimental (analog) modeling has shown that obliquity significantly affects the types of structures that develop during basin inversion [Brun and Nalpas, 1996; Dubois et al., 2002; Amilibia et al., 2005] . If obliquity is low (i.e., the displacement direction during the shortening phase is at a high angle (> 45°) to the rift trend), then newly formed thrust faults are likely to develop during basin inversion, and the reactivation of the pre-existing normal faults is limited. If obliquity is high (i.e., the displacement direction during the shortening phase is at a low angle (< 45°) to the rift trend), then the formation of new faults and the reactivation of pre-existing normal faults with reverse slip and strike slip are likely. A key question, however, remains unanswered by these modeling studies. In all of these studies, planar normal faults with moderate to steep dips (~ 60°) formed during the initial extensional phase. What types of structures would develop during basin inversion (orthogonal and oblique) if the pre-existing extensional faults had anomalously gentle or steep dips compared to those of newly formed normal faults?
To address this question, we have studied a natural example, the inverted Fundy rift basin of southeastern Canada (Fig. 1) . Here, Paleozoic and older orogenic activity created a profound fault fabric with two distinct trends (NE and E) that was reactivated during Mesozoic rifting [e.g., Plint and van de Poll, 1984; Olsen and Schlische, 1990; Withjack et al., 1995; Wade et al., 1996; Withjack et al., 2009] and again during basin inversion [Withjack et al., 1995] . In this study, we build upon the previous studies of the Fundy basin by: 1) reinterpreting 2D seismic-reflection data from the Bay of Fundy (Fig. 2a) , including several key reprocessed seismic lines; 2) interpreting new 2D seismic data from onshore Nova Scotia; 3) mapping, in detail, cliff and tidal-flat outcrops from onshore Nova Scotia; and 4) incorporating recently available, high-resolution DEM data and aeromagnetic data [King, 2005a [King, , 2005b Dumont, 2005a, 2005b] from the Bay of Fundy region. These data sets are comple-mentary; the seismic, DEM, and aeromagnetic data provide critical information about the geometries of the large-scale surface and subsurface structures, whereas the field data provide detailed information about the small-scale structural features. As discussed below, our work shows that the preexisting fault fabric, consisting of both low-angle and highangle faults, significantly influenced the Mesozoic extensional deformation and the subsequent inversion-related deformation in the Fundy basin.
Overview of the Fundy rift basin
The Fundy rift basin, part of the eastern North American Mesozoic rift system, formed during the fragmentation of Pangea [e.g., Olsen, 1997; Withjack et al., 2010] (Fig. 1) . Rifting began by the Middle Triassic or possibly earlier in the Permian [Olsen et al., 1989 [Olsen et al., , 2000 Olsen and EtTouhami, 2008] and ceased in the Early to Middle Jurassic when continental breakup occurred and seafloor spreading began [Klitgord and Schouten, 1986; Klitgord et al., 1988; Tankard and Welsink, 1989; Withjack et al., 1998; Withjack and Schlische, 2005; Withjack et al., 2009 Withjack et al., , 2010 . Using geological and geophysical data from the adjacent Orpheus rift basin (Fig. 1) , Withjack et al. [1995] proposed that most of the inversion of the Fundy rift basin occurred before and/or during the Early Cretaceous.
During rifting, the Fundy rift basin subsided and filled with several kilometers of nonmarine sedimentary rocks and basalt flows associated with the Central Atlantic Magmatic Province (CAMP) [e.g., Kontak, 2008] . This syn-rift package unconformably overlies Precambrian and Paleozoic prerift rocks, which include siliciclastic strata, coals, carbonates, and evaporites [e.g., Waldron and Rygel, 2005] . The syn-rift section, based on the stratigraphic nomenclature of Olsen et al. [2000] and Olsen and Et-Touhami [2008] , consists of the following units from oldest to youngest: 1) the Honeycomb Point Formation, which is not well dated but possibly as old as Permian and comprised predominantly of alluvial-fan and eolian deposits; 2) the Middle to Upper Triassic Wolfville Formation, comprised predominantly of fluvial deposits with minor eolian beds; 3) lacustrine, fluvial, and eolian rocks of the Upper Triassic/Lower Jurassic Blomidon Formation; 4) the Lower Jurassic North Mountain Basalt, dated at 202 ± 2 Ma [Hodych and Dunning, 1992] ; and 5) the Lower Jurassic fluvio-lacustrine McCoy Brook Formation, which also contains minor eolian and talus-slope facies.
The Fundy rift basin has three major structural components: the Chignecto, Fundy, and Minas subbasins [Olsen and Schlische, 1990] (Figs. 2a and 2b) . The NE-striking Chignecto and Fundy border-fault zones bound the Chignecto and Fundy subbasins on the northwest, whereas the Estriking Cobequid / Chedabucto border-fault zone (also known as the Minas border-fault zone) bounds the Fundy and Minas subbasins on the north. These border-fault zones coincide with deep-seated zones of weakness that developed during numerous Proterozoic and Paleozoic tectonic events that preceded rifting, including the late Paleozoic Alleghenian/Variscan orogeny [e.g., Plint and van der Poll, 1984; Olsen and Schlische, 1990; Withjack et al., 1995; Wade et al., 1996; Murphy et al., 1999] . Pre-existing structures within the NE-striking Chignecto and Fundy border-fault zones include NE-striking, SE-dipping, low-angle Paleozoic thrust faults observed offshore [Withjack et al., 1995; Wade et al., 1996] , and folds and NE-striking, SE-dipping thrust faults observed onshore in southern New Brunswick [e.g., Rast, 1983; Plint and van de Poll, 1984] . Steeply dipping, NEstriking faults that had a significant strike-slip component during Paleozoic deformation (e.g., the Belleisle and Kennebacasis faults) are also present onshore adjacent to the Chignecto and Fundy border-fault systems (Fig. 2b) [e.g., Rast, 1983; Currie, 1988; Murphy et al., 1999] . Pre-existing structures within the E-striking Cobequid / Chedabucto borderfault zone include folds and numerous E-to ENE-striking, moderately to steeply dipping faults, many of which dip toward the south [e.g., Eisbacher, 1969; Keppie, 1982; Donohoe and Wallace, 1982; Rast, 1983; Mawer and White, 1987; Withjack et al., 1995; Wade et al., 1996; Macinnes and White, 2004] . These faults had a significant right-lateral strike-slip component during Paleozoic deformation.
NW-SE extension resulted in the reactivation of many of these pre-existing structures during Mesozoic rifting [Plint and van de Poll, 1984; Olsen and Schlische, 1990; Schlische and Ackermann, 1995; Schlische et al., 2002; Withjack et al., 2009] . Specifically, the reactivation of NEstriking Paleozoic thrust faults produced low-angle, SEdipping normal faults within the Chignecto and Fundy border-fault zones. The reactivation of E-striking Paleozoic strike-slip faults produced high-angle, S-dipping, obliqueslip faults with left-lateral and normal components within the Cobequid / Chedabucto border-fault zone. Thus, many of the extensional faults within the border-fault systems of the Fundy rift basin have anomalous dips, either gentle or steep, compared to those of newly formed normal faults. Also, the E-W strike of many of the extensional faults within the Cobequid / Chedabucto border-fault zone was oblique to the NW-SE extension direction during rifting.
Seismic-reflection data
More than 1200 km of seismic-reflection profiles acquired by Chevron and Mobil from 1980 to 1982 cover the offshore portion of the study area (Figs. 2a and 3) [Withjack et al., 1995] . A few key seismic profiles (e.g., Figs. 4 and 5) were reprocessed in 1998, resulting in improved suppression of multiples and better imaging. Several seismic-reflection profiles acquired by Consolidated Beacon Resources Ltd. in 2001 recently became publicly available (Fig. 6 ). These profiles, which cover the onshore part of the study area in Nova Scotia, were instrumental in characterizing the geometry of the onshore Cobequid / Chedabucto border-fault zone at depth. Projections from onshore geology [Donohoe and Wallace, 1982; Withjack et al., 1995; Wade et al., 1996] , offshore subcrops [Swift and Lyall, 1968] , industry well data, and high-resolution aeromagnetic data from the Fundy region [King, 2005a [King, , 2005b Oneschunk and Dumont, 2005a, 2005b] constrained our seismic interpretations (Figs. 2 and  3) . Withjack et al. [1995] and Wade et al. [1996] recognized two main tectonostratigraphic packages in the offshore Fundy rift basin: a lower, pre-rift Precambrian and Paleozoic package; and an upper, syn-rift package of mostly Late Triassic to Early Jurassic age (Figs. 3-7) . Reflections in the prerift package are discontinuous and show considerable variability in dip direction. The syn-rift package is characterized by relatively continuous, subparallel reflections that (generally) dip and diverge toward their respective border faults, indicating that these faults were active during sedimentation from Middle Triassic to Early Jurassic time. Within the synrift package, the North Mountain Basalt creates a prominent group of closely spaced, high-amplitude reflections, making its top surface relatively easy to map (e.g., Fig. 4 ). An angular unconformity separates the pre-rift and syn-rift packages (e.g., Fig. 7) .
Border-fault zones of the Fundy rift basin
Our re-interpretation of the offshore seismic data, including the reprocessed lines, confirms the results of previous seismic studies by Withjack et al. [1995] and Wade et al. [1996] . Namely, the Fundy and Chignecto border-fault zones are NE-striking and composed of numerous low-angle faults that dip to the southeast (Figs. 2 and 3 ). The gently dipping fault surfaces create a series of high-amplitude reflections that converge at mid-crustal levels (Fig. 3) . The surface of the Chignecto fault, the easternmost fault of the Chignecto border-fault zone, has several broad, SE-plunging undulations that are well imaged on NE-striking seismic lines (Fig.  3e) . The E-striking Cobequid / Chedabucto border-fault zone is composed of a series of high-angle faults whose dips progressively increase from west to east (Fig. 3) . The new onshore seismic data indicate that these high-angle faults are relatively shallow features that merge with and/or overlie low-angle, south-dipping fault surfaces at depth (Figs. 3 and 6). The low-angle fault surfaces produce a series of highamplitude reflections similar to those associated with the Fundy and Chignecto border-fault zones. The upwardprojection of the most prominent series of high-amplitude reflections coincides with the surface location of the Cobequid fault (Fig. 6 ).
Post-rift deformation of the Fundy rift basin
The seismic data show that the post-rift deformation in the northern Fundy subbasin and Minas subbasin has four, first-order attributes (Figs. 2b and 2c). 1) Most major folds are subparallel to the adjacent border-fault zone. Along the NE-striking Fundy border-fault zone, the major folds trend northeast, whereas along the E-striking Cobequid / Chedabucto border-fault zone, folds trend roughly east. The most prominent fold is a gentle, WSW-plunging, basin-scale syncline (S1) up to 50 km wide in the study area. The axial trace of this fold is subparallel to the Fundy and Cobequid / Chedabucto border-fault zones, bending in concert with them. 2) Folds are tighter along the E-striking Cobequid / Chedabucto border-fault zone and along E-striking segments of the Fundy border-fault zone (Fig. 2c). 3) The arrangement of the hanging-wall folds varies considerably between the Fundy and Cobequid / Chedabucto border-fault zones. Commonly, an anticline is adjacent to the Fundy border-fault zone (e.g., the western end of A3, Fig. 4 ), whereas a train of folds is adjacent to the Cobequid / Chedabucto border-fault zone (e.g., S2, A3, S3, A4 in Figs. 2 and 3). 4) Syn-rift strata thicken toward the border-fault zones across the anticlinal crests and the synclinal troughs, indicating that folding occurred postdepositionally as with all other inversion structures here and throughout eastern North America [Withjack et al., 1995 [Withjack et al., , 1998 [Withjack et al., , 2005 Schlische et al., 2003] .
A prominent anticline/syncline pair is present within the Chignecto subbasin (A5/S4) (Figs. 2b and 2c). These folds plunge northwest and trend nearly perpendicular to the NEstriking border-fault zone, unlike the fault-parallel folds in the Fundy and Minas subbasins. Anticline A5 occurs above a gentle structural high on the border-fault surface (Fig. 3e) , is symmetric, and shows some subtle crestal thinning of synrift strata, indicating that folding occurred, at least partially, during syn-rift deposition [Withjack et al., 1995] . The fold is up to 10 km wide, and the amplitude of the fold decreases in magnitude away from the border-fault zone. Syncline S4 is distinctly asymmetric, with the southwest limb dipping more steeply (>30°) than the northeast limb (<10°). This fold is at least 15 km wide. Its trough is concordant with a low on the border-fault surface ( Fig. 3e ), but the steep southwest limb does not parallel the fault surface. Syn-rift strata in syncline S4 thicken toward the southwest across the trough, indicating that the steepening of the southwest limb occurred postdepositionally.
Minas subbasin outcrop data
The northern margin of the Minas subbasin contains cliff and tidal-flat exposures that permit study of structures below the limits of seismic resolution. Withjack et al. [1995] first demonstrated that post-rift shortening affected the eastern Minas subbasin, providing examples of faults with reverse separation, tight folds, and steeply dipping to overturned beds. They observed no growth strata associated with these structures, indicating that shortening occurred after the deposition of the Lower Jurassic McCoy Brook Formation, the youngest preserved syn-rift unit. In this section, we reexamine several of their field areas (locations in Figs. 2a and 8) in greater detail, providing additional information about the geometry and kinematics of inversion structures in the Fundy rift basin.
Blue Sac
Blue Sac is located south of the ENE-striking Portapique fault, one of the major faults within the Cobequid / Chedabucto border-fault zone, and on the northern limb of a major, NE-trending syncline (Figs. 8 and 9 ). All exposed strata at Blue Sac are part of the Lower Jurassic McCoy Brook Formation (Fig. 9) . Two facies are present: a basalt talus-slope facies resulting from fault-scarp erosion of the North Mountain Basalt and a coeval-to-younger fluviallacustrine facies [Tanner and Hubert, 1991] . Withjack et al. [1995] described the main structure at Blue Sac as an Estriking, S-dipping fault (fault A) that crops out within the cliff face and exhibits reverse separation. They showed that the basalt talus-slope deposits occur exclusively in its hanging wall, suggesting that the hanging wall was downthrown during deposition.
New exposures at Blue Sac have enabled additional mapping and data collection, yielding the following significant observations. 1) Fault A has reverse separation, strikes due east, and dips 85°S (Fig. 9) . Slickenlines rake about 30°W, suggesting a significant component of strike-slip movement during its final phase of activity. 2) A minor, NW-plunging syncline deforms the footwall strata. The fold is asymmetric, with the southwest limb dipping more steeply (~60°NE) than the northeast limb (~40°NW) (Fig. 9a ). Bedding shows increasing dips and counter-clockwise rotation with increasing proximity to fault A. 3) A minor, tight, SEplunging anticline deforms the hanging-wall strata south of fault A. The northeast limb of this anticline is overturned (Figs. 9b and 9c ). 4) Numerous minor, steeply dipping, Eand ENE-striking faults are present just south of fault A (Figs. 9b and 9c) . Slickenlines raking about 20°W, steps on slickensided surfaces, and left-lateral offset of contacts indicate predominantly left-lateral strike slip (with minor reverse slip) on these faults.
Structures at Blue Sac formed during and after rifting. Basalt talus-slope deposits in the hanging wall of fault A suggest that this fault was active during syn-rift deposition [Tanner and Hubert, 1991; Withjack et al., 2009 ]. An absence of growth beds associated with the minor folding at Blue Sac suggests that the folds formed after syn-rift deposition. The minor faults at Blue Sac offset the folded beds. Thus, these faults developed after folding and, consequently, after syn-rift deposition. Fault A also offsets the folded beds, and the dips of the folded beds increase near fault A, suggesting that faulting influenced folding. Thus, fault A was active during and after folding and, consequently, after synrift deposition. In summary, fault A had two phases of activity: a syn-rift phase with unknown slip and a post-rift phase with predominantly strike slip. If the minor NWtrending folds at Blue Sac are secondary detachment (buckle) folds and if the slip on the minor faults at Blue Sac mirrors the slip on fault A, then fault A had predominantly leftlateral strike slip (with minor reverse slip) after syn-rift deposition.
Wasson Bluff
An ENE-plunging syncline between Wasson Bluff and Clarke Head (Fig. 10a) forms the hook-shaped ridge of North Mountain Basalt visible on the shaded-relief map (Fig.  8a) . The syncline is bounded by ENE-striking fault zones on both limbs. The largest faults within these fault zones juxtapose syn-rift strata with Carboniferous pre-rift strata. On the southern limb of the syncline near Clarke Head, a steep, ENE-striking, SSE-dipping fault with reverse separation (fault B) juxtaposes older, moderately dipping North Mountain Basalt over younger, steeply dipping and locally overturned McCoy Brook Formation (Fig. 10b) . The slip on fault B and most of the largest faults at Wasson Bluff is unknown. Numerous, minor E-striking faults cut the folded syn-rift units at Wasson Bluff [Elder Brady, 2003] . One such fault (fault C, Figs. 10a and 10b ) has reverse separation, strikes due east, dips steeply to the north, and juxtaposes the North Mountain Basalt on the north with the McCoy Brook Formation (basalt talus-slope facies and fluvial-lacustrine facies) on the south. Beds in the North Mountain Basalt dip moderately to the south, whereas beds in the McCoy Brook Formation are steeply dipping to overturned (Figs. 10a -10c ). Slickenlines that rake ~20°W and steps on the slickensided surface indicate that fault C had predominantly leftlateral strike slip (with minor reverse slip) during its final phase of activity.
Structures at Wasson Bluff were active during and/or after rifting. Basalt talus-slope deposits [Olsen et al., 1989; Tanner and Hubert, 1991] in the hanging wall of fault C indicate that it was active during syn-rift deposition [Withjack et al., 2009 ]. An absence of growth beds associated with folding indicates that folds formed after syn-rift deposition. Many of the faults, bounding and cutting the folded beds, were active during and/or after folding (i.e., after synrift deposition). Some faults (e.g., fault C) had two phases of activity: a syn-rift phase with unknown slip and a post-rift phase with predominantly left-lateral strike slip.
Five Islands Provincial Park
Recent field mapping indicates that considerable deformation in the Five Islands region occurred after rifting. Old Wife Point, composed predominantly of North Mountain Basalt, is bounded by very steeply dipping, NE-striking faults (Fig. 11) . Numerous minor, steeply dipping, NE-to NNE-striking faults also cut the basalt within Old Wife Point. Exposed fault surfaces have predominantly subhorizontal slickenlines; some minor faults have subhorizontal slickenlines overprinting dip-slip slickenlines. Steps on slickensided surfaces indicate left-lateral strike slip. At the map scale, faults also exhibit left-lateral separation (Fig.  11a) . Bedding in the Blomidon and McCoy Brook formations and layering within the North Mountain Basalt (perpendicular to the cooling columns) steepen markedly toward the faults bounding Old Wife Point and become subvertical within the fault zone (Fig. 11c) (cf. Stevens [1987] who has interpreted Old Wife Point as a dike). These monoclines have NE-trending hinge lines, affect all exposed synrift units (i.e., the Blomidon to McCoy Brook formations), and lack growth beds. Thus, the NE-trending folds and the NE-striking, left-lateral strike-slip faults that bound and cut them developed after syn-rift deposition.
The NE-striking faults of the Old Wife fault zone appear to link the major, E-striking faults in the Five Islands region (Figs. 8 and 11a ). Many onshore faults (e.g., the Gerrish Mountain fault) are evident on the shaded-relief map (Fig. 8a) . The inferred offshore faults bound the island chain on the south and north and merge in the west. Within this context, the Old Wife fault zone transfers displacement from the offshore faults to the onshore Gerrish Mountain fault. The offshore faults continue westward and ultimately link with the major E-striking faults imaged seismically (Fig. 2) . This pattern of longer E-striking faults linked by shorter NEstriking faults is present along much of the CobequidChedabucto fault system [Olsen and Schlische, 1990] and is a fault pattern produced in experimental (analog) models of oblique extension (in this case, NW-SE) acting on a preexisting fault system (in this case, the E-striking CobequidChedabucto fault zone) .
Discussion

Seismic data
The seismic data show that most major faults within the NE-and E-striking border-fault zones have gentle dips. Many faults within the E-striking border-fault zone, however, have steep dips at shallow levels. As discussed previously, all of these faults with their anomalously gentle or steep dips (compared to those of newly formed normal faults) are likely reactivated pre-existing structures that developed during the orogenic events that preceded rifting [e.g., Plint and van der Poll, 1984; Olsen and Schlische, 1990; Withjack et al., 1995; Wade et al., 1996] . The seismic data also show that the NE-and E-striking border-fault zones are linked along strike and at depth, forming the composite border-fault system of the Fundy rift basin.
The seismic data show that folding occurred after rifting. The folds fall into two categories: 1) folds that are subparallel to the adjacent border-fault zone, and 2) folds that trend more or less orthogonally to the adjacent border-fault zone. We propose that the fault-parallel folds are, at least partially, buttress folds. Buttress folds commonly form in the hanging walls of normal faults during basin inversion [e.g., Dart et al., 1995; McClay, 1995; Baum et al., 2008] . Slip occurs more easily along the lower, more gently dipping fault segments; however, the upper, more steeply dipping fault segments act as a buttress, thereby inhibiting slip and causing the hanging-wall strata to shorten and fold. Most geologic examples of buttress folds consist of a single hanging-wall anticline whose axis parallels the adjacent fault [e.g., Dart et al., 1995] . A train of fault-parallel folds (e.g., S2, A3, S3, A4 in Fig. 2) , however, exists within the hanging wall of the Cobequid / Chedabucto border-fault zone (Figs.  2b and 2c) . The onshore seismic data show that these folds do not affect the gently dipping, lower segment of the border-fault zone (Fig. 6 ), indicating that a detachment level exists between the folded syn-rift section and the borderfault zone. Potential detachment levels include evaporitic units within the pre-rift section [e.g., Waldron and Rygel, 2005] and the Cobequid / Chedabucto border-fault zone itself. Thus, many of the fault-parallel folds in the hanging wall of the Cobequid / Chedabucto border-fault zone are likely a combination of buttress and detachment folds that formed during the reactivation of the border-fault zone during basin inversion.
The fault-perpendicular folds in the Chignecto subbasin developed during and after rifting (Figs. 2b and 2c) . Subtle crestal thinning of the syn-rift strata suggests that A5 developed, at least partially, during the deposition of the syn-rift strata. Similar folds exist in other rift basins and result from along-strike variations in fault displacement during rifting [Wheeler, 1939; Schlische, 1995; Withjack et al., 2002] . Not all fault-perpendicular folding in the Chignecto subbasin, however, occurred during rifting. Syn-rift strata consistently thicken toward the southwest across syncline S4, showing that its steep southern limb formed after syn-rift deposition (Fig. 3e) . The surface of the border-fault zone beneath the steep southern limb of S4 is not affected by this folding, indicating that a detachment level exists between the base of the syn-rift section and the surface of the border-fault zone. Considering the limited distance between the base of the syn-rift section and the surface of the border-fault zone (Fig.  3e ), the most likely detachment level is the border-fault zone itself. Based on these observations, we believe that S4 is primarily a detachment fold that formed after rifting.
Field sites
The three field sites provide information about the smaller-scale post-rift deformation within the E-striking Cobequid / Chedabucto border-fault zone of the Minas subbasin. 1) At Blue Sac, the post-rift deformation consists of an E-striking, steeply dipping fault with predominantly strike slip and numerous, E-to ENE-striking, steeply dipping minor faults with predominantly left-lateral strike slip (and minor reverse slip). Minor, NW-trending folds also developed at Blue Sac before and/or during the strike-slip faulting. 2) At Wasson Bluff, the post-rift deformation consists of E-to ENE-striking faults, some of which had predominantly left-lateral strike slip (with minor reverse slip). The axial trace of the syncline at Wasson Bluff parallels these faults (i.e., it has an E-to ENE-trending axial trace) and developed before and/or during strike-slip faulting. 3) Post-rift deformation at Old Wife Point consists of numerous NE-striking, steeply dipping, left-lateral strike-slip faults. NE-trending folds parallel these faults and developed before and/or during the strike-slip faulting.
The magnitude and sense of slip on the larger E-striking faults within the Cobequid / Chedabucto border-fault zone during inversion is unknown. However, their sense of slip is likely similar to that on the E-striking faults observed at the field sites (i.e., predominantly left-lateral strike slip with minor reverse slip). We note that their map-view separation may differ significantly from their actual slip. For example, the offset of the North Mountain Basalt in the Five Islands region indicates that the Gerrish Mountain fault has about 2 km of right-lateral separation (Fig. 8) . Although 2 km of right-lateral strike slip could produce this separation, it is equally possible (considering the gentle dip of the basalt) that combined left-lateral strike slip and reverse slip (approximately 2 km and 1 km, respectively) could produce the observed separation.
Inversion of the Fundy rift basin
What do these observed deformation patterns imply about the kinematics of inversion in the Fundy rift basin? We define α s as the angle between the trend of a border-fault zone and the direction of the horizontal component of displacement of its hanging wall relative to its footwall during shortening (Fig. 12) . Orthogonal inversion occurs if α s = 90°, oblique inversion occurs if 0° < α s < 90°, and strike-slip deformation occurs if α s = 0°. The composite border-fault system of the Fundy rift basin has two trends (NE and E) (Fig. 2) . Thus, a regionally consistent displacement direction of the hanging wall of the composite border-fault system relative to its footwall would produce different inversion styles on the differently oriented border-fault zones.
The axial traces of fault-related folds (i.e., fault-bend folds, fault-propagation folds, and buttress folds) reflect the geometry of the adjacent faults, not the regional shortening direction [e.g., Apotria, 1995; Tindall and Davis, 1999; Yamada and McClay, 2004] . Thus, the presence of a buttress fold in the hanging wall of a fault simply implies that a component of the displacement was toward the fault during inversion. Therefore, the presence of buttress folds in the hanging wall of the NE-striking Fundy border-fault zone suggests that the direction of the horizontal component of displacement during inversion could range from northeast to southwest (Fig. 13a(i) ). The presence of buttress folds in the hanging wall of the E-striking Chignecto/Chedabucto border-fault zone suggests that the direction of the horizontal component of displacement during inversion could range from east to west (Fig. 13a(ii) ). Finally, the presence of E-to ENE-striking, left-lateral strike-slip faults (with minor reverse slip) within the E-striking Chignecto/Chedabucto border-fault zone suggests that the direction of the horizontal component of displacement during inversion could range from east to north (Fig. 13a(iii) ). Together, these data indicate that the hanging wall of the composite border-fault system of the Fundy rift basin moved approximately northnortheast relative to the footwall during inversion (Fig.  13a(iv) ).
With this NNE-displacement direction, the E-striking Cobequid / Chedabucto border-fault zone had oblique-slip (with reverse and left-lateral components) and underwent moderately oblique inversion (α s > 45°) (Figs. 13b, 13c,  and14b) . In response, fault-parallel buttress and combination buttress/detachment folds and left-lateral strike-slip faults developed at shallow levels above the border-fault zone (Fig.  14a, Line 10; Fig. 14b ). The NE-striking Fundy border-fault zone had oblique-slip (minor reverse and major left-lateral components) and underwent highly oblique inversion (α s < 30°) (Figs. 13b,13c, and 14b) . In response, fault-parallel buttress folds developed in the hanging wall of the Fundy border-fault zone (Fig. 14a, Line 81-79; Fig. 14b ). Generally, the buttress folding associated with the Fundy borderfault zone is gentle (e.g., anticline A in the southwest corner of Fig. 2c ), reflecting the relatively minor reverse component of slip and the relatively planar geometry of the faults within the NE-striking border-fault zones. However, folding is tighter (i.e., anticline A1) at a right-stepping bend (Figs. 2c and 14a, . This is likely a restraining bend associated with NNE-directed displacement of the hanging wall relative to the footwall. Fault-perpendicular detachment folding occurred in the hanging wall of the NE-striking Chignecto border-fault zone, likely reflecting the northeast transport of its hanging wall over its irregular footwall (Fig.  14a , Line BF-51). It is unclear whether any of the steeply dipping, NE-striking faults exposed onshore adjacent to the Fundy and Chignecto border-fault zones (e.g., the Belleisle and Kennebacasis faults) (Fig. 2b) were reactivated during inversion. Several authors [e.g., West et al., 1993; Doll et al., 1996; West and Roden-Tice, 2003 ] have suggested that the Norembega fault, a similar NE-striking, steeply dipping fault in eastern Maine, was active during the Mesozoic after rifting had ceased in eastern North America.
Deformation in the Fundy rift basin, particularly along the E-striking Cobequid / Chedabucto border-fault zone, closely resembles the up-dip partitioning associated with the Clarence fault of New Zealand, a normal fault subsequently reactivated during oblique plate convergence [Nicol and Van Dissen, 2002] . As discussed by Nicol and Van Dissen [2002] , the Clarence fault is an oblique-slip fault with reverse and strike-slip components at depth where it is gently dipping. Deformation is partitioned on its up-dip, more steeply dipping segment into strike slip on the Clarence fault itself and hanging-wall uplift associated with distributed shortening (see their figure 9 ).
Comparison with experimental (analog) models
As discussed previously, experimental (analog) modeling studies have shown that obliquity affects the types of structures that develop during basin inversion [Brun and Nalpas, 1996; Dubois et al., 2002; Amilibia et al., 2005] . In all of these modeling studies, planar normal faults dipping ~60° formed during the initial extensional phase. Comparisons of the results from modeling studies with observations from the Fundy rift basin indicate that the geometries of the rift-related faults, in addition to obliquity, profoundly affect the deformation produced during basin inversion (Fig. 15) . For example, the models of Brun and Nalpas [1996] show that if obliquity is relatively low (i.e., 90° > α s > 45°), as it is for the Cobequid / Chedabucto border-fault zone, then new thrust faults are likely to form during basin inversion, and the pre-existing normal faults, if reactivated, have primarily strike slip (Fig. 15a) . For the Cobequid / Chedabucto borderfault zone, however, few new thrust faults formed during inversion (Fig. 15b) . Instead, the border-fault zone, gently dipping at depth, was reactivated as an oblique-slip fault with reverse and strike-slip components. Partitioning occurred only at shallow levels. Fault-parallel buttress folds and combination buttress/detachment folds formed in the hanging wall of the Cobequid / Chedabucto border-fault zone, accommodating the reverse-slip component at shallow levels. Steeply dipping segments of the border-fault zone at shallow depth were reactivated as left-lateral strike-slip faults, accommodating the strike-slip component. Thus, the presence of extensional faults with anomalously gentle and steep dips profoundly affected the type and distribution of the inversion-related deformation.
Summary and conclusions
We have defined the 3D geometries of the extensional and inversion structures in the Mesozoic Fundy rift basin using seismic, field, aeromagnetic, and DEM data. Our work shows that the geometry of the extensional faults, as well as obliquity, profoundly affects the style of deformation produced during inversion. The type of inversion-related faults, the type and shape of inversion-related folds, and the distribution of this deformation depend on the geometry of the pre-existing extensional faults and the variations of these geometries with depth and along strike. 1. The composite border-fault system of the Fundy rift basin is complex, consisting of linked NE-and E-striking border-fault zones. All faults within the border-fault zones have gentle dips at depth. The E-striking borderfault zone, however, consists of faults with very steep dips at shallow levels. Thus, many of the extensional faults within the composite border-fault system of the Fundy rift basin have anomalous dips, either gentle or steep, compared to those of newly formed normal faults. These anomalous dips reflect the pre-existing fault fabric created during orogenic activity before rifting. 2. The Fundy rift basin underwent oblique, not orthogonal, inversion (i.e., the displacement direction during shortening was oblique to the border-fault zones). Specifically, the hanging-wall block of the composite border-fault system moved NNE relative to the footwall block during inversion. In response, the NE-striking border-fault zones underwent highly oblique inversion (α s < 30°), whereas the E-striking border-fault zone underwent moderately oblique inversion (α s > 45°). 3. During inversion, all border-fault zones were reactivated with oblique slip at depth. The inversion-related deformation at shallow levels varied, however, reflecting differences in the pre-existing fault fabric and the obliquity of inversion. Gentle fault-parallel buttress folds, faultperpendicular detachment folds related to fault-surface undulations, and folds related to restraining bends formed in the hanging walls of the NE-striking borderfault zones where obliquity was high. Relatively tight, fault-parallel buttress or combination buttress/detachment folds formed in the hanging wall of the E-striking border-fault zone where obliquity was low to moderate. Additionally, the E-striking, steeply dipping fault segments were reactivated as left-lateral strike-slip faults. Deformation associated with the E-striking border-fault zone closely resembles the up-dip partitioning associated with the Clarence fault of New Zealand, a normal fault subsequently reactivated during oblique plate convergence [Nicol and Van Dissen, 2002] . 4. The inversion-related deformation in the Fundy rift basin differs significantly from that observed in experimental (analog) models of oblique inversion, particularly those with low to moderate obliquity in which normal faults (dipping ~60°) show limited reactivation and new thrust/reverse faults develop to accommodate the shortening. Our work indicates that low-angle extensional faults, if present, are likely to be reactivated as obliqueslip faults at depth during inversion, regardless of obliquity, negating the need for the formation of new deepseated thrust faults. Furthermore, the presence of lowangle extensional faults at depth and high-angle extensional faults at shallow levels is likely to promote updip partitioning of the inversion-related deformation. [Klitgord et al., 1988; Olsen et al., 1989; Welsink et al., 1989; Rankin, 1994; Benson, 2003] . The exact slip on most faults and the exact geometry and location of most subsurface rift basins is unknown. Rectangular box shows location of maps in Fig. 2 . [Withjack et al., 1995; Wade et al., 1996] , seafloor topography and subcrop information [Swift and Lyall, 1968] , and aeromagnetic data [King, 2005a [King, , 2005b Dumont, 2005a, 2005b] . BI is Belleisle fault, and K is Kennebecasis fault of onshore New Brunswick. c) Structure-contour map of top of North Mountain Basalt. Contour interval is 0.1 seconds two-way travel time. [1982] . Contacts in center of basin are projected from Cape Blomidon (see Fig. 2a for location). The faults within the Cobequid / Chedabucto border-fault zone have gentle dips at depth, whereas the exposed fault splays have steep dips. Folds are present above the gently dipping segments of the Cobequid / Chedabucto border-fault zone. and Wallace, 1982; Olsen and Schlische, 1990; Schlische et al., 2003; Withjack et al., 2009] and high-resolution aeromagnetic data Dumont, 2005a, 2005b] . Map shows location of three field sites (black boxes) and seismic line 10 (solid black line). 
